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Li t t l e has b e e n k n o w n c o n c e r n i n g t h e s e n s o r y n e r v e e n d i n g s o f the- p u l m o n a r y a r t e r y , 
p a r t i c u l a r l y in b irds . In s t u d y i n g t h e s u b c a r d i a l e n c a p s u l a t e d r e c e p t o r s o f 
ch icks , w e h a v e d e m o n s t r a t e d s o m e r e c e p t o r s m o r p h o l o g i c a l l y s i m i l a r t o t h e a o r t i c b o d i e s 
o ated a t the m a i n p u l m o n a r y ar ter ia l t r u n k a n d its b i f u r c a t . o n ( T C H E N G , F U a n d C H E N 
1963) I" t h e presen t p a p e r , s o m e f u r t h e r o b s e r v a t i o n s c o n c e r n i n g th i s p r o b l e m in o t h e r 
spec ies o f b i rds are r e p o r t e d . 
Materials and Method 
Three species of small-sized birds including the great reed warb le r (Acro-
ccphalus arundinaceus orientalis), the lit t le bit tern (lxobrychus eurhythmus) 
and the zebra parakeet (Melopsittacus undulatus) were used in this s tudy. 1 he 
hearts together wi th the ad jo in ing great vessels of these bi rds were f ixed in 
80%. alcohol containing 2 % glacial acetic acid, and impregnated in to to by the 
method of C A J A L - F A W O R S K Y . Good results were obtained when the dura t ion 
of f ixat ion and impregnat ion was prolonged than in the original method, l h e 
blocks were then embedded in p a r a f f i n and made in t ransverse serial sections 
Observations 
In the prepara t ions made by the method of C A J A L - F A W O R S K Y , the pul-
monary arteries of these bi rds are observed to be supplied with sparsely distri-
buted sensory nerve endings in addi t ion to the previously reported aort ic bodies 
found in the connective tissue between the aorta and the p u l m o n a r y ar tery 
(Fu, C H E N and T C H E N G , 1962). These receptors are seen on the surface of the 
main pu lmonary ar ter ial t r unk , its b i furcat ion and the proximal por t ions of 
the right and lef t pu lmonary arteries. They are usually round or oval and 
occasionally elongated a contour . Fig. 1 illustrates one of the receptors situated 
closely on the lateral surface of the lef t pu lmonary ar te ry of a great reed 
warbler . I t appears as an oval mass composed of compact ly agglomerated 
epithelioid cells, and covered by a connective tissue capsule. The cytoplasm of 
the epithelioid cells is seen t o be clear or finely granular and fa in t ly colored 
in the silver impregnat ion prepara t ions . The strongly argyrophi l ic nerve fibers 
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Fig. 2. Ixobrychus curhythmus: A n encapsula ted receptor on the lateral surface of t h e right 
p u l m o n a r y artery. P - P u l m o n a r y artery, a - Arterio le , v - Ve in . M e t h o d of C A T A I 
— F A V O R S K Y . X 4 5 0 . 
' ^ L U , Z e \ P ^ ' ( S a , U " d , r a T i 5 0 r i r t t a U $ ! A n e n c a p s u l a t e d receptor situated c lo se ly o n the 
1 , C r l ± f r ° f , t h C l c f t P » T n ? r y t " t C r y • N - N e r v e " P - P u l m o n a r y ar tery — e n c a p s u l a t e d receptor. M e t h o d o f CAJAL—FAWORSKY. X 540. 
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in the receptor f o r m an in t r ica te plexus. A t the r ight of the p h o t o m i c r o g r a p h , 
a ne rve wh ich carries the sensory f ibers f rom the receptor is d e m o n s t r a t e d . 
Fig. 2 i l lus t ra tes an ob long encapsula ted receptor on the lateral su r face 
of the r ight p u l m o n a r y a r t e ry of a l i t t le b i t te rn . U n d e r n e a t h the capsule, the 
epithelioid cells a re d iv ided in to several groups by the connect ive tissue and 
blood vessels. T h e cell boundar i e s and the nuclear m e m b r a n e s of the epi thel io id 
cells in the supraca rd ia l encapsula ted receptors in the lit t le b i t tern a re more 
clearly dis t inguishable t han those of the great reed warb le r . In this p h o t o -
mic rog raph , only f e w n e r v e f ibers a n d their b ranches a re seen, whi le the vas-
cular bed of the receptor is r e m a r k a b l y demons t ra t ed . A l though the receptor 
is s i tua ted so closely to the p u l m o n a r y a r te ry , no single ar ter ia l b r a n c h or igina-
ted f r o m the la t ter en ter ing the receptor can be t r aced . T h e „g lomic" a r t e r y 
of this encapsula ted receptor is der ived f rom a b ranch of the r ight co rona ry 
ar te ry . 
S imi la r sensory te rminal s t ruc tures are also found near the b i fu r ca t i on 
of the p u l m o n a r y t r u n k . In Fig. 3, t w o round encapsula ted receptors a re seen 
between the r ight and lef t p u l m o n a r y arteries which are p a r t l y shown at the 
uppe r corners of this pho tomic rog raph . Jus t unde rnea th the capsule of the 
receptors, ne rve f ibers are observed to form per iglomic plexuses a long the 
pe r iphe ry of the epi thel ioid cell mass. T h e in t rag lomic ne rve plexuses and 
te rminal f ibers of the receptors can be traced in ne ighbor ing sections. O n the 
lef t side of the receptors lies a cap i l l a ry ne twork . 
Fig. 3. Acrocephalus arundinaceus orienialis: T w o encapsulated receptors arc s i tuated between 
the right and le f t p u l m o n a r y arteries. L P — L e f t p u l m o n a r y artery. R P — Right 
p u l m o n a r y artery. M e t h o d o f CAJAL—FAWORSKY. X 450. 
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I ig. 4. 1 xobrychus eurhythmus: T w o intramural e n c a p s u l a t e d receptors in tile adventma a n d 
the media o f the p u l m o n a r y artery at its base. A — Aorta. M — Myocardium o f the 
right ventric le . P — P u l m o n a r y artery. V — Semi lunar va lve . M e t h o d o f C A I A I -
F A I - O R S K Y . X 3 1 0 . 
Fig. 6. & 7. Melopsittacus undulalus: Termina l r ings in the same encapsu la ted receptor pho-
tographed f r o m t w o planes. M e t h o d of CAJAL—FATORSKY. X 1 200. 
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T h e encapsulated receptors are found not only on the surfaces of t h e 
pu lmonary arteries but also in t ramura l ly wi th in the wall of these vessels. It is 
par t icu lar ly interesting to notice in Fig. 4 t ha t t w o oval masses composed of 
fa in t ly stained epithelioid cells extend in t r amura l ly even to the inner pa r t of 
the media of the p u l m o n a r y ar tery just a t its base where the semilunar valves 
inserted. A number of nerve fibers are seen to extend inward and to twis t 
among the epithelioid cells in these receptors. Varicose thickenings a long the 
course of some nerve f ibers are also demons t ra ted in this f igure. T h e ne rve 
fibers m a y be dis tr ibuted in the adventitia and media outside the capsule of 
the receptors, as may be observed in some of the serial sections. H o w e v e r , no 
sensory nerve fibers and the i r end format ions are found in the semilunar 
valves in spite of the fact t ha t sensory nerve fibers are found present in the 
intima of the vascular wall . 
The in t ramura l encapsulated receptors have also been found in the media 
of the pu lmonary arteries nea r the main b i fu rca t ion . Fig. 5. i l lustrates such 
an example in the right p u l m o n a r y ar te ry of a zebra parakee t . In this p h o t o -
micrograph, t w o in t ramura l receptors are demons t ra ted to be wel lencapsulated, 
composed of epithelioid cells and abundan t terminal nerve fibers. The repea-
tedly coiled course of the sensory nerve f iber in the r ight one is pa r t i cu la r ly 
evident . 
The ul t imate structures of the terminal f ibers in the encapsulated recep tors 
are represented as slight enlargements or in r ing forms. T w o terminal r ings 
Fig. 8. Ixobrychus curhythrrms: T e r m i n a l sensory n e r v e f ibers in t h e subendort ie l i»! t issue o f 
t h e p u l m o n a r y arterial trunk. O n e f ragment o f the sensory nerve f iber is seen in the 
media as indicated by an a r r o w . M e t h o d of C A J A L — F A T O R S K Y . X 5 4 0 . 
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found in an encapsulated receptor close to the wall of the r ight pu lmona ry 
ar tery in a zebra parakee t are i l lustrated in t w o figures pho tog raphed f rom 
two d i f fe ren t planes (Fig. 6 and 7). We have never observed the so-called 
„Terminalreticulum" as the nerve end- fo rmat ion described by S U N D E R - P L A S S -
M A N N ( 1 9 3 8 ) in human pu lmona ry a r te ry and by S T O H R ( 1 9 5 4 ) in the para-
ganglion. 
All the above ment ioned sensory nerve endings belong to the encapsulated 
type. The f ree nerve endings of sensory nerve fibers are, however , also found 
in the vascular wal l of the p u l m o n a r y arteries. They are usual ly observed in 
the adventitia and the media, and only occasionally in the intima. As ae-
mostra ted in Fig. 8, a terminal f iber divides twice in the subendothelial con-
nective tissue. O n e f r agmen t of a sensory nerve f iber indicated by an a r row 
in this pho tomic rograph is seen in the media; it can be fo l lowed to be conti-
nuous wi th the subendothelial terminal f ibers coursing s t ra ight ly t o w a r d the 
intima. 
Discuss ion 
Although the innervat ion of the pu lmonary vessels had been studied by 
a number of histologists ( K A R S N E R , 1 9 1 1 ; L A R S E L L and D o w , 1 9 3 3 ; G A Y L O R , 
1 9 3 4 ; N O N I D E Z , 1 9 3 7 ; S U N D E R — P L A S S M A N N , 1 9 3 8 ; E L F T M A N , 1 9 4 3 ; etc.), 
reliable da t a concerning the s tructure of the receptors in the p rox imal por t ion 
of the p u l m o n a r y ar tery are lacking. The results of the present investigation 
would give some light to the problem. It may not be out of place to consider 
the func t iona l significance of our present f indings. 
In their book „Reflexogenic areas of the cardiovascular system", HEY-
M A N S and N E I L ( 1 9 5 8 ) stated tha t there is a steady accumulat ion of evidence 
that the pu lmona ry veins possess a sensory innervat ion which represents the 
end of the a f f e ren t a rmo f cardiovascular and respi ra tory reflexes. O n the 
other hand , the func t ion of receptors in the pu lmonary t r u n k or pu lmonary 
arteries has less been sat isfactori ly studied. From morphological studies, nu-
merous pressoreceptors are observed at the base of the p u l m o n a r y veins in the 
cat, dog and rabbi t , whi le they are not usually found in the p u l m o n a r y ar tery 
in most of the mammals studied by N O N I D E Z ( 1 9 3 7 , 1 9 4 1 ) . A l though sensory 
nerve endings are discovered in the proximal pa r t of the pu lmona ry ar tery 
in birds, they are very scanty and sparsely distr ibuted. These fac ts m a y ex-
plain w b y the pressoreceptors in the pu lmonary veins are more easily detected 
in physiological experiments. 
The presence of baroreceptors in the proximal pa r t of the pu lmonary 
ar tery has been demonst ra ted by some recent physiological studies. A V I A D O 
and his col laborators ( 1 9 5 1 ) p roduced reflex bradycardia when the f irst pa r t 
of the p u l m o n a r y ar tery was exposed to the rise in pressure. L E W I N et al ( 1 9 6 1 ) 
found tha t the constriction of the systemic arteries occured when the main 
pu lmonary a r te ry was distended proximal to its b i furca t ion . By an electro-
physiological means, C O L E R I D G E and K I D D ( 1 9 6 0 ) were able t o localize the 
af ferent nerve endings situated in the walls of tbe p u l m o n a r y a r te ry in the 
region of the main b i furca t ion and in the ex t r apu lmonary por t ion of the right 
and left branches, bu t not in the main pu lmonary t runk prox imal to its 
b i furcat ion. Even if the results obtained by these physiological exper iments are 
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not accord in every aspect, all of their posi t ive f indings concerning the locat ion 
of baroreceptors are conf i rmed by our morphological invest igat ion. T h e in t r a -
mura l receptors in the proximal par t of the pu lmona ry a r te ry — both en-
capsulated and f ree-arbor iza t ion types, might be considered as ba ro recep to r s 
quite sensitive to the pressure changes in the vascular wall . I t is pa r t i cu l a r ly 
interesting to note the presence of the in t r amura l encapsulated receptors in the 
wall of the pu lmona ry ar tery at its origin f r o m the right ventricle. T h e y m a y 
be sensitive to the pressure d i f ference between the cardiac and the p u l m o n a r y 
circulat ion. H o w e v e r , the sensory nerve plexuses in the p u l m o n a r y semi lunar 
valves which had been demonst ra ted by L I P P ( 1 9 5 1 ) wi th the me thy lene b lue 
technique are not f ound in our prepara t ions wi th birds. 
The encapsulated receptors located at the vicinity of the main b i f u r c a t i o n 
and on the lateral surface of the proximal por t ions of r ight and lef t p u l m o n a r y 
arteries may be considered as pressoreceptors, assuming tha t these are the 
s tructures which have been localized as pressoreceptors f r o m the physiological 
exper iments by COLERIDGE and KIDD. Morphologica l ly , they are ident ical to 
the encapsulated receptors found in the connect ive tissue between the aorta a n d 
the pu lmona ry arterial t r unk corresponding to the group 4 of the aor t ic bodies 
described by HOWE (1956) in the cat . I t m a y be suggested tha t these s t ructures 
possess, in addi t ion , a chemoreceptive func t ion . Be it so, they are considered to 
be sensitive to the chemical changes of the blood leaving the l e f t ventr ic le , 
judging f r o m the fac t tha t the vascula ture of these receptors is de r ived f r o m 
the coronary arteries. They m a y no t be sensitive to the blood changes of the 
p u l m o n a r y a r te ry as no ar ter ial branches f r o m the lat ter are seen to enter the 
receptors in spite of their close association. I t is, thus, supposed t h a t the en-
capsulated receptors in this region may h a v e a dual func t ion — a ba ro recep t ive 
func t ion , sensitive to the changes of the pressure of the pu lmona ry a r t e ry , and 
a chemorecept ive one, sensitive to the changes of the consti tuents of the a r te r ia l 
blood f r o m the left ventricle. 
Since the physiological investigations cited above are carried on wi th the 
dogs, more appropr i a t e in terpreta t ions of our present results may be ob ta ined 
by f u t u r e exper imentat ions on birds. 
S u m m a r y 
With the method of C A J A L - F A W O R S K Y , sensory nerve endings are d e m o n -
s t ra ted in histological p repara t ions to be sparsely dis t r ibuted in the p rox ima l 
pa r t of the pu lmonary a r te ry in birds. Encapsu la ted receptors which are m o r -
phological ly identical to the aort ic bodies are found a t the main b i f u r c a t i o n 
and on the lateral surface of the right and left p u l m o n a r y arteries. T w o types 
of sensory nerve endings are observed in t r amura l ly in the wall of the p rox ima l 
pa r t of the pu lmona ry ar tery . The terminal f ibers of the arbor iza t ion t y p e are 
usually found in the adventitia and the media, and only occassionally in the 
intima. The in t ramura l encapsulated receptors found in the adventitia and the 
media of the pu lmona ry t runk at the site of its junct ion wi th the right ventr ic le 
are of a par t icular importance . The significance of these f indings has been 
discussed. 
R E C E P T O R S O F T H E P U L M O N A R Y A R T E R Y I N B I R D S 
289 
References 
1 A V I A D O , D . M . J R . , L I , T . H „ K A L O W , W „ S C H M I D T , C . F . , T U R N B U L L , G . L „ P E S K I N , G W , 
H E S S , M . E. and W E I S S , A. J.: 1951 Respiratory and circulatory ref lexes from the pertused 
heart 'and pulmonary circulation of the dog. Amer. J. Physiol . / 65 :261 . 
2. COLERIDGE, J. C. G. and KIDD, C.: 1960 Electrophysio logical ev idence of baroreceptors 
in the pulmonary artery of the dog. J. Phys io l . / 5 0 : 3 1 9 . 
3. ELFTMAN, A. G. : 1943 The a f ferent and parasympathic innervat ion of the lungs and 
trachea of the dog. Amer. J. Anat . 72:1. 
4. FAWORSKY, B. A . : 1930 Eine M o d i f i k a t i o n des Si lberimpragnationsverfahrens R a m o n y 
Cajal fur das periphere Nervensys tem. Anat Anz . 70:376. 
5 Fu S I A N G - K I , C H E N T A - Y U A N and T C H E N G K U O - T C H A N G . : 1 9 6 2 Studies on the g lomera 
aortica of the great reed warbler and von Schrenck's l itt le bittern. Acta Zoolog ica Sinica 
14:297. 
6 . G A Y L O R , J. B . : 1 9 3 4 The intrinsic nervous mechanism of the human lung. Brain 5 7 : 1 4 3 . 
7 . H E Y M A N S , C. and N E I L , E . : 1 9 5 8 R e f l e x o g e n i c Areas of the Cardiovascular System. J . & 
A. Churchi l l Ltd. London. 
8. HOWE, A. : 1956 The vasculature of the aortic bodies in the cat. J. Phys io l . 734:311. 
9. KARSNER, H . T.: 1911 N e r v e f ibri l lae in the pulmonary artery of the dog. J. Exp. Med. 
14:322. 
10. LARSELL, O. and D o w , R. S.: 1933 The innervat ion of the human lung. Amer. J. Anat . 
52:125. 
1 1 . L E W I N , R. J . , C R O S S , C . E . , R I E B E N , P . A . and S A L I S B U R Y , P . F . : 1 9 6 1 Stretch ref lexes 
from the main pulmonary artery to the systemic circulation. Circulat ion Research 9 : 5 8 5 . 
12. LIPP, W. : 1951 Studien zur Herz innervat ion . I. D i e Innervat ion der Pulmonal i sk lappen. 
Ac ta Anat . 13:30. 
1 3 . N O N I D E Z , J . F . : 1 9 3 7 Ident i f i ca t ion of the receptor area in the venae cavae and pulmonary 
veins which initiate ref lex cardiac acceleration (Bainbridge ref lex.) Amer. J. Anat . 61:203. 
14. NONIDEZ, J. F.: 1941 Studies o n the innervat ion of the heart. II. A f f e r e n t nerve endings 
in the large arteries and veins. Amer. J. Anat . 68:151. 
1 5 . S T O H R , P H . J R . : 1 9 5 4 Zusammenfassende Ergebnisse iiber die Endigungsweise des Vege-
ta t iven Nervensys tems . Acta N e u r o v e g . (Wien) 10:21. 
1 6 . S U N D E R — P L A S S M A N N , P . : 1 9 3 8 D e r N e r v e n a p p a r a t der Menschl ichen Lunge und seine 
klinische Bedeutung. Dtsch . Z. Chir. 250:705. 
1 7 . T C H E N G K U O - T C H A N G , F U S I A N G - K I and C H E N T A - Y U A N . : 1 9 6 3 Supracardial encapsulated 
receptors of the aorta and the pulmonary artery in birds. Scientia Sinica 12:73. 
19 Biologica 
